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THE DEVITRIFICATION OJ?' GLASS.
INTRODUCTION.
Glass maKing is one or the oldest of the industries. None
being older unless it is that or bricK making. In fact, both were
made Tor the first time at such an early date that there is no def-
inite Knowledge as to where, how, or when their methods of manufac-
ture were first discovered. According to Pliny, g^ass was first
discovered by the Phoenicians. They supported some cooicing uten-
sils on the sand with blocKs of soda. From the heat of the fire
the soda and sand fused together forming glass. This, however, is
very improbable since it is not liKely that under such conditions
a sufficiently high temperature would be obtained to fuse the
glass.
The only positive evidence that we have of the earliest
glass maKing is some relics foind in Egypt. Archaelogists have
discovered sculptured designs representing glass blowers at worK
giving evidence that glass maKing was an industry as far bacK as
4000 B.C.
The advancement made up to the present time in the manu-
facture of art glass is not as far ahead of that attained by the
ancient Egyptians as might be apparent. Imitations of precious
stones have been found in the old Egyptian tombs. Glass made into
difficult shapes and of various colors has also been discovered.
as nearly as can be learned the manufacture of glass con-
tinued until the overt hrow of the Roman Empire by the barbarians
of Northern Europe. Durirgthe succeeding DarK ages only one phase
of the glass industry (the maKing of stained glass) was continued.

It was only at the beginning or the nineteenth century that
glass making began to thrive again. From that time until the pres-
ent day, it has advanced until now it is becoming one of the great
industries.'
According to Bizer, glass is a transparent solid formed by
the fusion of siliceous and alkaline matter, which assumed while
passing through sand a state of fusion a temperature sufficiently
high, a fluid condition, and, as the temperature falls, passing
from the fluid through a ductile viscous state to a solid - devoid
of crystalline structure, impenetrable to both gases and liquid,
fluids - a hard, brittle mass which exhibits when broken, a lus-
trous fracture.
According to the more modern and scientific definition,
glass is not a solid but a super-cooled liquid, it is a well Known
fact to the physical chemist that a solution, when cooled quickly
and without agitation, can be cooled to a temperature many degrees
below its freezing point without crystallization. This same prin-
ciple applies to glass, when at a high temperature or in the li-
quid state it is no more than a solution of its severally combined
constituents. as it is cooled it becomes more viscous and when
it reaches ordinary temperatures it becomes rigid, a "congealed
liquid". Glass when melted does not become liquid at any definite
temperature but as the temperature increases it becomes less vis-
cous. This also would tend to indicate that it was not a solid,
since, according to definition, a solid must have a definite melt-
ing point.
If glass which has been cooled quickly is again heated to a
temperature near its softening point, and held at that temperature

for a period or time ana then allowed to cool slowly crystallization
will taKe place. The amount of velocity of crystallization varying
with the composition of the glass, the temperature at which it was
heated, the time of heating, and the rate of cooling. This phenome-
non is Known as devitrification.
Glasses high in S10 2 are more liable to devitrify than those
low in Si0 2 and is due to crystallization out of the excess compo-
nent SiOa.
The composition of glass is varied according to various
physical and chemical properties desired in the finished product.
The general formula for a glass is
y i\Ta2 ;
t x S102 ,
Z CaO )
where Na2 varies from to 1, the CaO varies from 1 to 0, the Si0 2
varies from 1 to 5 and y + z equals one. The physical properties
of the glass may "be varied by a change in the ratio of these con-
stituents or by the substitution of some other base for the Na 2
or the CaO. A decrease in lime with an increase in Na2 lowers
the temperature of fusion and decreases the resistance to chemical
reagents. An increase in lime with a decrease in the Na2 increases
the resistance to chemical reagents, elasticity, hardness, tendency
to devitrify, index of refraction, and an increase in the tempera-
ture of fusion. K2 may be suostituted for Na 2 giving a clear-
er, more brilliant, and more easily fusible glass, but more expen-
sive. K2 finds its use in the higher grades of glass.
Glasses of a higher specific gravity may be obtained by
substituting a base of higher molecular weight for one of lower
molecular weight . For example PbQ is used in many glasses as a
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substitute for uaO, especially in optical glasses. The specific
gravity increases as the PbO increases. m optical glasses a
high index of refraction is required and neither hardness or re-
sistance to chemical reagents is of primary importance.
A great many other oxides are used in the glass batch but
the per cent is usually small. They are used only for special
Kinds of glass or coloring effects desired in different glasses, or
as decolorizing agents.
By far the most expensive constituent in the more common
grades of glass is soda and the cheapest constituent is the 3102.
An increase in 3iOa increases the tendency to devitrify and also
increases the temperature of fusion. Therefore the use of SiOa
is limited on account of the devitrification in annealing and cost
of fuel to fuse the batch.
The more uptodate bottle factories are now using machines
for maKing most or their ware. The tendency for the machine-made
bottle to denitrify is increased, since during the process of shap-
ing it is Kept at a high temperature longer than the hand made bot-
tiel. In order to obtain as good a product it is necessary to use
a glass which will not devitrify so easily. This can be done by
increasing the amount of soda or adding a small, amount of AI2O3.
An increase in soda increases the cost of the batch to such an ex-
tent that it would cut down the profits. The addition of Al2 3
according to many glass maKers increases the temperature of fusion
which vail also add to the cost of the product.
This experimental investigation is divided into two parts.
The object of the first part is to find out the effect of Al20 8 on
dowA.tja.^f'atlnn Ah 1 Q^- nr thp flftflQTU na**t is to get some Idea

or the relative fusion temperature or glasses that vary in Si0 2 and
AI2O3. Since glass has no definite melting point, the relative
fusion or softening temperatures are determined by measuring the
viscosity changes in the glass at variously increasing temperatures,

s.
EXPERIMENTAL INVESTIGATION.
PART I.
In order to test the effect of AI2O3. Devitrification of
soda lime. Glasses. Experiments were begun in October, 1913, un-
der the direction of Mr. Stull, head of the Ceramics Department
at the University of Illinois.
First a series of glass batches were made up according to
the following formulae,
.4 Na 2 )
( x 810b. The 3i02 varying frmm
.6 CaO )
i> to 5 mols., each member of the series differing "by .3 of a mol.
A very pure finely ground flint was used as the source of
the 8i02 . The source of the uao was a whiting obtained in the
Laboratory of the ceramics Department, which was practically pure
CaCC-3. The soda was a commercial grade of Na 2C0 3 , which was
also practically pure Na2 C0 3 . These raw materials were ground to
pass through a twenty mesh sieve, weighed out, and mixed in the
following proportions.
First member. I - 1.
.4 Na2 ; Wt. Na 2 calculated to Na2 C0 3 .
{ * Si02 .
.6 OaO ) m. CaO u '» CacOs.
Na2 = 62 lla2 C0 3 = 106. .4 Na2 C0 3 = 42.4
CaO = 56.09 CaC0 3 - 100.9 .6 CaC0 3 = 60.034
8i02 = 60. 3 2 SI02 = 120.6
In order to get a batch of approximately 600 grams the weights wen

7multiplied by 3.
4-2.4 X 3 = 127.2
60.054x3 = 180.16
120.6 x 3 = 361.
8
Percentage composition of glass, calculated from "batch weights as-
suming that there is no volatilization other than expulsion of 002,
and that the raw materials are pure.
NaaO - 13.83 per cent = 24.8
OaO - 18.78 per cent = 33.6
SiOa - 67-39 per cent = 120.6
Second memher. 1-2.
Batch weight.
.4 NaaO ) Na2 C03 = 127.32
( 2.3 Si02 CaC0 3 = 180.16
.6 P^O ) Si02 = 4-16*06 grams
Percentage composition.
24-. 8 = Na2 = 12.58
33.6 = OaO = 17.02
138.8 = SiOa = 70.40
Third memoer. I - 3»
Batch weight.
.4- Na8 ) Ma00» = 127-32
( 2.6 8i0a. OaC0 3 = 180.16
.6 OaO ) Si02 = 4-70.00

8.
Percentage composition
24-.
8
33.6
NaB = 11.54- per cent.
CaO = 15.62 per cent.
si02 = 72. 84- per cent.
Fourth Member.
.4- Naa O )
( 2.9 Si0 2
.6 CaO )
I - 4-.
Batch, weight.
NaaOOa = 127.32
CaCOs = 180.16
8i03 = 525.04-
Percentage composition.
.4- Na2
.6 CaO
2.9 Si0 2
24-. 8
33.6
233.2
10.64- oev cent.
14-. 4-4- per cent.
74-. 92 per cent.
Fifth member,
.4- NaaO
.6 CaO
)
( 3.2 Si0 2 .
)
1-5.
Batch weight.
Na2 C0 3 = 127.32
CaC0 3 = 180.16
Si0 2 = 580.00
Percentage Composition.
.4- Na2 = 24-. 8 £ 9.87 per cent.
.6 CaO = 33.6 = 13.38 per cent.
3.2 Si0 2 ~ 23JuO - 76.85 Per cent.
251.4-
Sizth member. 1-6.
Batch weight.
.4- NaaO ) Ha2 C0 3 = 127.32
( 3.5 Si0 2 . CaC0 3 = 180.16
.6 CaO ) Si0 2 = 634.00
Percentage Composition.
.4- lia2 = 24-. 8 = 9.20 per cent.
.6 CaO = 33.6 = 12.49 per cent.
3.5 Sio2 - 211.2 78*3 per cent.

Seventh member. 1-7
R t,n h W& i sth t, -1.JU VwU v/ w x o J - i v •
.4 NaaO
• O w tr<V
)
( 3-8
\
)
SiOa
.
:;a 2 co 3 = 127.32
CaC0 3 = 180.16
Percentage Composition.
.4- NaaO
,6 CaO
3.8 Si0 2
= 24-. 8 = 8.63 Per cent.
= 33.6 =11.70 per cent.
= 229.0 =79.67 per cent.
287.4
Bighth member. 1-8.
Batch weight.
.4- NaO
.6 CaO
)
(
)
SiOa
.
NaaCOa = 127.32
CaCOs = 180.16
Si0 2 = 74-1.06
Percentage Composition.
.4- Na2
.6 CaO
4-.1 Si0 2
= 24-. 8 * 8.12 per cent.
= 33.6 =11.00 per cent.
= 24-7.0 = 80.88 per cent.
305.4
Ninth, member. 1-9.
Batch weight*
.4- NasO
.6 CaO
( 4-. 4-
;
Si0 2 .
NaaCOa = 127.32
CaC0 3 = 180.16
Si0 2 = 795.0
Percentage composition.
.4- Naa
.6 CaO
4-. 4- Si0 2
= 24.8 = 7.66 per cent.
= 33.6 = 10.44 per cent.
= 265.4 = 81.94 per cent.
323.8

-"-"*"—
10.
Tenth member, I - 10
Batch weight.
.4 Na a ) Na 2 C0 3 = 127.32
( 4.7 SiOs CaC0 3 = 180.16
•6 CaO ) S10 2 = 849.00
Percentage Composition.
.4 Na2 = 24.8 = 7.26 per cent.
.6 CaO = 33.6 = 9.84- per cent.
4.7 Si0 3 = 281.4 = 82.90 per cent.
340.8
Eleventh member. I - 11.
Batch weight.
.4 NaaO ) Na 2 C0 3 = 127.32
( 5 Si0 2 . CaC0 3 = 180.16
.6 CaO ) 8i0 2 = 904.5
Percentage Composition.
.4 Ka2 = 24.8 = 6.90 per cent.
.6 CaO = 33.6 = 9.33 Per cent.
5.0 Si0 2 = 30;.
3
= 83.77 per cent.
359-9
These batches were mixed and ground in the Ball mills for
three hours in order to obtain an intimate mixture of the constit-
uents.
The glasses were fused in small port furnace, using Denver
fire clay crucibles as containers. The fusion was continued until
a clear glass was obtained though it was not entirely free from
bubbles.
An attempt was first made to form small plates of glass
by rolling the molten glass on an inor plate with a small steel
roller. This was found impossible since the glass in such small
quantities cooled so quicKly that it became hard before it could
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be worked. The test pieces of clear glass were obtained, by pour-
ing the molten glass on a small steel plate and. allowing it to cool
gradually in a small furnace.
Test pieces or the first five members of the series were ob-
tained without much trouble. In fusing the sixth member of the
series, the crucible vitrified oefore a clear glass was obtained.
The Denver fire clay crucible was the only one that could be ob-
tained in the department at this time, consequently a more refrac-
tory crucible was made. The batch weigjit of crucible body was as
follows:
Mt. Savage Flint Clay = 10. lbs.
Grog. = 30.
St.Louas Plastic Fire = 12.
Cutter's ball clay = 12.
Na2 C0 3 = 0.05
The Lit. Savage Flint Clay was crushed and screened to Mo
mech. The grog was crushed and screened to forty mesh and washed
on a 100 mesh sieve. That which remained on the 100 mesh being
used for the body. The St. Louis plastic fire clay, ball clay, and
the Baa 003 were weighed and ground in a ball mill to consistency..'
To this slip were added the flint clay and the grog, the mixture
of which was purged on a piaster slab to a plastic moulding con-
sistency.
Two plaster moulds were made and the crucibles formed on
a pi ggor wheel.
The crucibles were dried for ten days and then burned to
Seger cone 8 ( 1290° c. ) in one of the new Kilns of the Department
of Ceramics.
These crucibles proved to be refractory enough but cracKed
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when the glass was fused in them. In order to obtain a more
fusible series of glasses which could be worked more advantageously
at lower temperatures a new set was made q? according to the fol-
lowing plan.
The first series correspond to the formula -
.6 Na2 )
( x SiOs. The Si02 varying from 2.75 to 3.75. The num-
.4- cao )
bers of the series being II-l, II-2, II-3. 1 1-4. II-5. 1 1-6. II-7,
1 1-3, II-9.
The second series was made up according to the formula,
.6 Na2 )
.4 CaO ( .05 A1 S 3
) x SiOa » The siOa varying from 3.25 to 3.75. The
numbers of the series being III-5, III-6, III
-7. III-S, and III-9.
It was considered unnecessary to make up members of the sries con-
taining AI2O3 with .less Si02 since according to Mr. Gelathary, a
glass of the formula .2 MgO )
.2 CaO ( 3.13 Si0 2 » devitrifies under
.6 Naa )
favorable conditions.
One member of another series of the following formula was
made - .6 NaaO ) .1 AI2O3
(
.4 CaO ) 3-375 Si0 2 .
This one was made in order to get an idea of the effect
of an increase in Al2 o 3 .
The members of these thr^e series were weighed out and mixed
as follows -
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First member, II - 1.
Formula. Batch weight.
.6 NaaO) Na2 C0 3 = 140.45
) 2.75 S10 2 CaC0 3 ^ 120.12
.4 Cao ) Si0 3 = M-93.00
Percentage composition of resulting glass, assuming that raw ma-
terials are pure and no volatilization taKes place during the fus-
ion other than the expulsion of C0 2 .
.6 Na 2 = 37.2 = 16.54 Per cent.
.4 cao = 22.4 = 9.96 per cent.
2.75 3i0 2 = 165.
5
= 73-50 per cent.
225.I
8econd member. II - 2.
Formula. Batch weight.
.6 Na 2 ) Na2 C0 3 = 190.98
( 2.875 Bi0 2 CaC0 3 = 120.12
.4 CaO ) Si0 2 = 520.70
Percentage Composition.
.6 Na2 = 37.2 = 15.97 per cent.
.4 CaO = 22.4 = 9*53 P?r cent.
2.875 Si0 2= 173.0 = 79-. 50 per cent.
232.6
Third member.
Formula.
.6 Na 2 )
( 3. SiOa.
.4 CaO )
Percentage
.6 NaaO
.4 CaO
3.0 S10 2
II-3.
Batch weight.
Na 2 C0 3 = 190.9S
CaC0 3 = 120.12
Si0 2 = 343.3
Composition.
= 37.2 - 15.46 per cent.
= 22.4 = 9.29 per cent.
= 180.9 = 75.25 per cent.
240.5

Fourth member. II - 4
Formula.
.6 Na2 )
( 3.125 Si0 2 .
.4 CaO )
Percentage
.6 Na2 C =
.4 CaO
3.125 Si02 =
Batch weight.
Na2 C0 3 = 190.9S
CacOg = 120.12
8102 = 566.20
composition.
37.2 = 15.OI per cent.
22.4- = 9.0M- per cent.
188.1 = 75.95 Per cent.
247.9
Fifth member. II - 5.
Formula. Batch weight.
.6 NaaO ) NaaCOa = 190.98
( 3.25 Si0 2 . CaCOs = 120.12
.4 CaO ) S10 2 = 588.90
Percentage composition.
.6 Na?.0 = 37.2 = 14.56 per cent.
.4 OaO = 22.4 = 8.77 per cent.
3.25 Si0 2 = 193.
g
= 76.67 per cent.
255.4
Sixth member. II - 6.
Formula. Batch weight.
.6 Na2 ) Na 2 CO s = I9O.98
( 3.375 Si0 2 . CaOOs = 120.12
.4 CaO ) Si0 2 = 611.60
Percentage composition.
.6 Na 2 = 37.2 * 14.16 per cent.
.4 caO = 22.4 = 8.52 per cent.
3.375 81Q»= 20*. = 77.32 per cent.
262.6

Seventh member
•
Formula, II - 7.
.6 NaaO ) Na2 C0 3 = 190.9s
( 3-5 SiOa. CaC0 3 = 120.12
.4 CaO ) Si0 2 = 636.2
Percentage Composition,
.6 Na3 = 37.2 = 13.7s per cent.
•4 CaO = 22.4 = 8.28 percent.
3.5 Si02 « 211.0 = 77.94 per cent.
270.6
Eighth member.
Formula.
.6 NaaO
.4 CaO
)
( 3,625 SiOa
)
II - 8.
Batch weight.
Naa C0 3 = 190.98
CaC0 3 = 120.12
Si0 2 = 656.20
Percentage Composition.
.6 Na2 = 37.2 ±
.4 CaO = 22.4 =
3.625 Si0 2= gjL^t.Q = 78.63 Per cent.
275.6
13*33 Per cent,
8.04 per cent.
Ninth member.
Formula.
.6 NaaO )
.4 CaO ) 3.75 SiOa.
II - 9.
Batch weight.
NaaCOjj = 190.98
CaCOs = 120.12
SiOa = 679,5
Percentage composition,
.6 Na2 = 37,2 = 13. 00 per cent.
.4 CaO = 22.4 = 7.84 per cent.
3.75 3iQ fl=225.8 = 79-16 per cent.
285.4
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Tenth member. T T T111 — 5*
Formula. Batch weight.
.6 NaaO
.4 CaO
)
(
)
.05 A1 2 3 .
3.25 SiOa.
Na3 C0 3 =
CaC0 3
Si0 2 -
A1(0H) 3 =
190.98
120.12
588.90
23.4
Percentage composition.
.6 Na2 = 37.2
.4 CaO = 22.4
3.25 SiOa = 195.8
.05 A1«0»= 5.11
260.51
= 14.24 per cent.
= 8.58 per cent.
= 75.62 per cent.
=
.96 per cent.
Elev enth member. Ill - 6.
Formula. Batch weight.
.6 Na 8
.4 CaO
)
(
)
.05 Aia0 3
2.375 SiOa
Na2 CO a =
Ca00 3 =
Si0 2
A1(0H) 3 =
190.98
120.12
611.60
23.4
Percentage Composition.
.6 Na2 = 37.2
.4 CaO = 22.4
3.575 Si0 3 = 203.O
.05 A12 3 = 5.11
267.71
* 13.92 per cent.
= S.38 per cent.
= 75.78 per cent.
= 1.92 per cent.
Twelfth member. Ill - 7.
Formula. Batch weight.
.6 NaaO
.4 OaO
)
(
)
.05 AlaOa
3.5 SiOa
Na3 C0 3 =
CaC0 3
SiOa
Al(OH) 3 =
190.98
120.12
626.20
23.4
Percentage Composition.
.6 Naa = 37.2 =
.4 CaO = 22.4 =
3.5 SiOa = 211.0 =
.05 Ala0 3= 5.11 =
275.71
13.52 per cent.
8.12 per cent.
76.50 per cent.
1.86 per cent.

Formula,
.6 Naa )
.4 oaO
Formula.
•6 Na a O
.4 CaO
Formula.
.6 Naa O
.4 CaO
III - 8.
Batch weight.
( .05 Ala0 3
) 3-625 SiOa
Na2 C0 3
c4co 3
8i0 2
A1±0H) 3
190.98
120.12
656.20
23.40
Percentage Composition.
.6 Na2
.4 OaO
3-625 SiO a
.0.5 AlaOs
13.10 per cent.
7.90 per cent.
77.20 per cent.
1.80 per cent.
283-71
III
Batch weight.
)
( .05 Ala0 3
) 3-75 SiOa.
Na 2 C0 3 =
Ca00 3 =
Si0 2
41(0H)» =
190.98
120.12
679.5
23.4
Percentage Composition.
.6 Na 2
.4 oaO
3.75 SiO a
.05 A1 2 3
37-2
22.4
225.8
l.JJ
290.51
12.79 Per cent.
7.75 per cent.
77.70 per cent.
1.76 per cent.
IV - 6.
Batch weight.
)
( .1 Ala0 3
) 3.375 SiOa.
Naa C0 3 =
CaC0 3 =
8iO a
A1(0H) 3 =
190.98
120.12
611.60
46.88
Percentage Composition.
.6 Na2 = 37.2 =
.4 CaO = 22.4 =
3.375 Si0 2 = 203.0 =
.1 A1 2 3 = 10.22 =
272.82
13.56 per cent.
8.21 per cent.
74.48 per cent.
3.75 per cent.
17.

IS.
These glasses proved more fusible than the first series
made up. Test pieces were obtained as described under the rirst
series, or the following members: Il-i. II-2. II-.3. II-4, II-?, If-
6. 1 1-7. II-7, II-9. IH-5. HI-6. IIT-7. III-3, III-9. and IV-6.
The last one, IV-6, was so viscous on account of the high
content of AI2O3 that it was almost impossible to pour.
These test pieces were annealed by heating to a temperature
of 550° C. for two hours and allowing to cool slowly. When cold,
none of these showed any signs of devitrification.
These same pHeces were then heated at a temperature of
700° C. for three hours and again allowed to cool slowly. When
cold these test pieces which did not contain Al2 0s had become por-
celain white in appearance, showing that devitrification had taKen
place, while thosecontaining Al20z were not affected.

19.
EXPERIMENTAL INVESTIGATION.
PABT II.
In order to obtain some data on the relative fusion or
softening temperatures of the different glasses made in the first
part of the nvestigations an apparatus was arranged as shown in
FiK.I, The crucibles used were of the following composition:
3 per cent Spar.
22 per cent Ball Clay.
30 per cent Calcined Kaolin.
40 pep cent Si02
.
A batch was weighed out according to the above and ground
in a ball mill for five hours with sufficient water to maKe a slop
suitable for casting. The -crucibles were made by casting them in
plaster molds and after drying were burned to 1200° c. in a small
pot furnace.
In these crucibles glasses of each of the following mem-
bers were tested: II-2, II-3, II-4-, II-5. II-6. II-7, II-8, II-9,
III-6. III-7. III-8, III-9. and IV-6. A sufficient amount of the
glass to nearly fill the crucible was fused and then allowed to
cool, forming a smooth surface. The crucible containing the cooldd
glass was placed in the furnace and the platinum rod weighing
8.74-5 grams allowed to rest on the surface as shown in Pig. I.
By the use of a rheostat the temperature was increased according to
the time-temperature curve. Pig. II.
At intervals of one minute readings of the temperature and
the vernier were taicen. Prom the data obtained in this manner

curves 1 to 13 inclusive were plotted using the temperature In
degrees centigrade as aosciassae and the distance in tenths of
mm. as ordinates. Curve 14- was plotted using the temperature at
wMch the rod had sunK 12 mm. below the surface, as abscissae and
using moles Si0 2 in glasses II-2 to II-9 as ordinates. curve 15
was plotted using the teicperature at which the rod had sunK 12
mm. below the surface as absciaase and the mols Si0 2 in glass III-6
to III-9 as ordinates. Curve 16 was plotted using the temperature
at which the rod had sunK 12 mm. below the surface as abscissae
and Moles AI2O3 in glasses II-6. III-6, and IV-6. as ordinates.
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23.
II - 2.
Temp. Verni
770 5:73
780 5:70
790
800 5:62
810 5:55
820 5:50
830 5:27
84-0 5:16
850 5:05
860
870 5:00
880 4:87
890 4:70
900 4:56
910 4:40
920 4:24
930 4:08
940 3:94
950 3:85
960 3^76
970 3:68
980 3^60
990 3:52
1000 3:46
1010 3:40
1020 3:37
1030 3:34
104-0 3:31
1050 3:30



EUGENE DIETZGEN CO.. CHICAGO.

II
Time. Temp. Vernier.
790
800
810
820
830
840
860
870
6:00
5:99
5:96
5*95
5:92
5.90
880
890
900
910
920
930
94-0
950
960
970
980 5-88
990
1000
1010 5.86
1020
1030 5-85
1040 5-84
1050 5-8 3
1060 5.82
1070
1080 5.80
1090 5.78
1100 5.7M-
1110 5-76
1120 5.65
1130 5.57
114-0 5:55
1150 5:42
1160 5:30
1170 5:13
1180 4:84
1190 4:46
1200 4100
1210 3 : 3^
1220



II - 5.
Time. Temp. Vernier.
1040
1050
1060
1070
10S0
1090
1100
1110
5:70
5i63
5:67
5:65
1120
xl30
114-0
1150
1160
1170
1180 5:58
1190 5:45
1200 5:21+
1210 4:9^
1220 5 : 70
1230



II - 6.
Tern;-'
.
Vernier.
850
860 5:84
870 5^83
880
890 5'.82
900
910 1
920 r
9307 yv 5:81
940
950 ____
960 ,,. . —
970 . ,
980
990
1000
1010 -
1020 5^0
1030
1040
1050 5^9
1060 5^8
1070 5^7
1080
1090 , , - 1
1100
1110 5^6
11120
11^0 5^0
1140 5:67
1150j- -4-
_y v 5:64
1160 5:60
1170 5:55
1180 5:48
1190 5:13
1200 4:81
1210 4:52
1220 4:20
1230 3:72
1240 3:35
1250



32.
II - 7.
T 91'uP. Vernier.
1030 6:05
1040 6:03
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
116©
1170
1180
1190
1200 5:95
1210 5:56
1220 5:15
1230 4:58
1240 3:84
1250 3:04
1260



3*.
II ~ 3,
T emp
.
Verni
1150 6:79
1140 6: 78
1150 6:77
1160 6:76
1170 6:74-
1180
1190
1200 6:73
1210 6:71
1220 6:64
1230 6:56
1240 6:47
1250 5:64
1260 5:60
1270



II - 9
Time, Temp. Vernier.
1140 6:76
1150 6:75
1160 6:74
1170 6:73
1180
1190 6:72
1200 6:70
1210 6:68
1220 6:64
1230 6:62
1240 6:57
1250 5:84
1260 4:10
1270 3:78
1230



Ill - 6.
Time. Temp, vernier.
~7 ~7 /*\770 Z • A V6. Uo
780 / • A L6 «06
790 /•All
aa800 • ui
OTA±u
o> OA c«Q(;2 • 7 D
03V C'QZ2 • 7?
4U
OCA
80O c • "7 fty • r
O "7A p.
o> r\
ra /->S90 c • p li
r\ /~\ r\900
910 5*33
920 C-07
O 1 A p • 9A
9 4-0 P
• 1 ll3 . 14
A r A950 C • ACD
960 li * r\£.4. 7D
970 4.0/
980 4-. 03
990 4. l<5
1000 4-. 76
1010 1 1 • "7 A4. /U
1020 4t 69
1030 )i L P
1 A li A 4. 61
T A CA li* tkft
1060 4-I50
1070 4:47
1080 4:40
1090 4:30
1100 4:14
1110 3:88
1120 3:67
1130 3:52
1140 3:40
1150 3:38



4-0.
Ill - 7.
T emp
.
Vernier
800 5: 90
810 5: 89
820 5: 87
830 5. 84
8*4-0 5: 80
8 50 5: 75
860 5: 69
870 5: 63
880 5: 58
890 5: 51
900/ w w 5: 42
910 5.•35
920 5: 27
9 30 5' : 18
940 5^ 09
959 5::00
960 4:.93
970 4 :84
980/WW 4 : /6
990 4 .69
1000 4 :60
1010 4 :58
1020 4 :57
1030— w ^/ w 4 :55
1040 4 :54
1050
1060 4 :51
1070 4 :48
lOtfO 4:39
1090 4:35
1100 4 :30
1110 4 :24
1120 4:15
1130 4:09
1140 4:03
1150 3 :95
1160 3 :85
1170 3 :61
1180 3 :47
1190 3 :35
1200
1210



Ill
Time. Temp.
320
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
11*4-0
1150
1160
1170
1180
1190
1200
1210
1220
1230
124-0
Vernie r»
6: 14
6: 12
6: 10
6: 08
6: 06
6: 02
5: 98
5: 92
84
5: 76
5: 65
5: 53
5 :47
5:>30
5 .20
5; 10
5 .00
4 .88
4 :80
.70
4 :66
4 :64
4 :62
4-rOl
4058
4:56
4:54
4 :50
4 :48
4 :47
4:45
4:43
4 :40
4:37
4 132
4:23
4:14
4:00
3 :80
3 :47
3 :40



Ill - 9
Time. Temp..' tfernie
o ^ w 6 :10
8 AO 6 :07
870 6 :03
880OO w 6 :00
890 5J-93
900 KJ .9^
Old c;j ' 90
9 30 > 1
p; ' 78
9RQ7 y « \> ' 7 3
9A0 c;j • R8
970 KJ ' ' 4-A
980 J : 27
997 7 « 5ir09
] 000 $ .98
1 01X V J- \J \ :93
1 0?0X W £- w 4 :S9
1030 4 :82
104-0 4 :74
1050x \j
_j 4-.:66
1QA0X W w 4 :60
1070 4 :57
1080J. \s \J \J 4 :54
'1090 4- :4-9
1100X X wW 4- :47
113X X X \J 4 :4-6
x x c \J 4- :4-4-
11 7%QX X Jl W
X X M-w 4:43
1150 4- :41
1160 4-:37
1170 4- :33
1180 4 :30
1190 4-:25
1200 4:12
1210 3 :97
1220 3
1230 3:66
1240 3 :44-
1250 3 :4-0



IV - 6.
ime. Tamp. Vernier.
770 5:81
780 5:80
790 5:76
800 5:72
810 5:67
820 5:63
850 5:57
840 5:54
850 5:50
860 5:45
870 5 :39
880 6:30
890 "5:20
900 5:08
910 4:95
920 4:80
930 4:68
940
940 4:48
960 4:37
970 4:15
980 3:95
990 3:75
1000 3:46
1010 3:35
1020 3:32
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51
CONCLUSIONS
•
From the first part or the investigation it is shown that
a small amount of AI2O3 will prevent devitrification in glasses of
formula ranging from
.6 Nas ) .05 AI2O3 .6 NaaO) .05 A1 2 3
.if- CaO ) 2.75 Si0 2 to .1+ CaO ) 5-73 SiO a
while glasses of the same composition without Ai2 a will devitri-
fy under the same conditions.
In the second part of the investigation curves 1 to 13 in-
clusive show an increase in temperature of fusion with increase
in Si0 2 and a decrease with addition ot AI2O3 out an increase in
viscosity with the audition of AI2O3. The rod begins to sinK at
a lower temperature hut sinKs more slowly in glasses containing
Al 2 03 than those without A1 2 3 . Curve 14- shows a relative in-
crease in temperature of fusion with increase of Si02 . Curve 15
shows relative increase in temperature of fusion with increase in
8i0 2 in glasses containing Al 2 03. Curve 16 shows relative de-
crease in temperature of fusion of glasses varying from to .1
AI2O3 other constituents "being constant.
From the foregoing worK it appears that A1 2 C 3 can he
employed to overcome devitrification which at the same time lowers
the softening temperature.
Since AI2O3 increases viscosity or prolongs the softening
temperature, its use would he desirable in that it gives a longer
plastic interval for shaping the glass without liability of devit-
rification. Since AI2O3 increases viscosity, its use would tend
to retard clarification or fining.
'

5r»
^*
Although the AI2O3 as herein used was in the form of the
hydroxide, its introduction into glass can he accomplished very
inexpensively in the form of Kaolin or feldspar.
That AI2O3 lowers the softening temperature of glasses
when used in amounts not exceeding 0.1 Mois as herein shown is
contrary to the erroneous "belief of practical glass maKers,
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